found that the order parameter has a maximum for the film composition closest to the equiatomic composition, whereas the magnetocrystalline anisotropy increases as the Fe content is increased from below to slightly above the equiatomic composition. These results imply that non-stoichiometric FePt compositions, with a slight excess of Fe, may in fact be preferred for applications that require high anisotropy.
INTRODUCTION
With appropriate easy axis orientation and microstructure control, high-anisotropy, high energy-product, chemically-ordered FePt films with the L1 0 crystal structure are attractive candidates for many advanced magnetic material applications such as high-density recording media or micro-and nanoelectromechanical systems (MEMS/NEMS) magnetic components. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] As the chemical ordering characteristics and associated magnetocrystalline anisotropy for non-equiatomic FePt compositions are different from those characterizing the equiatomic composition, it is important to systematically investigate the atomic ordering and the resultant magnetic properties as a function of alloy composition. In this work, we characterize the order parameters and anisotropy constants of a series of epitaxial FePt films with Fe concentrations of 45-55 at%. As we demonstrate, the highest order parameter does not correspond to the highest magnetic anisotropy, implying that non-stoichiometric FePt films may be preferable for applications that require high anisotropy.
EXPERIMENTAL
FePt alloy films with nominal thickness of 50 nm and compositions in the range of 45 -55 at% Fe were epitaxially grown by cosputtering of elemental targets onto seed layers of 1 nm Pt/1 nm Fe deposited on MgO (001) single crystal substrates. The base pressure of the sputtering chamber was below 5 × 10 -8 Torr and the sputtering gas was Ar-4%H 2 at a pressure of 3 mTorr and a flow rate of 20 sccm, with deposition rates of 0.1-0.2 Å/sec. The bilayer seed and the binary Fe-Pt alloy film were both deposited at a substrate temperature of 620 o C. The choice of Ar-4%H 2 as the sputtering gas was made to minimize film oxidation.
The composition and thickness of the films were measured by Rutherford backscattering spectrometry and are listed in Table I . Lattice and order parameters were determined by normal and in-plane x-ray diffraction (XRD).
This procedure allowed the lattice planes parallel and perpendicular to the film plane, respectively, to be probed. Cu K α radiation and a graphite monochromator were used for all the diffraction scans. A beam incidence angle of 2 o with respect to the sample plane was adopted in the case of the in-plane scans.
For the determination of the unit cell dimensions, the in-plane lattice parameter, a, was determined using the (110) superlattice peak, whereas the lattice parameter perpendicular to the film plane, c, was obtained by using the three (00l) peaks, namely (001), (002) and (003). The long-range order parameter, S, was calculated as the average of the two order parameters determined from the ratios of superlattice-to-fundamental (001)/(002) and (003)/(002) total integrated peak intensities. [9, 12] The ratios of the superlattice-to-fundamental peak intensities and the order parameter were calculated in a manner similar to that detailed elsewhere. [9, 12] For these calculations, the root-mean-square displacement amplitude σ was taken as 0.14 Å. [5, 13] The long-range order parameter measures the extent of chemical order and is given by
, where, x A and x B are the atom fractions of the two components, y α and y β are the fraction of lattice site types α and β in the ordered structure, and r α and r β are the fraction of each type of lattice site occupied by the correct types of atom (A on α and B on β). The maximum order parameter for the given film composition is given by
, where ∆x is the compositional deviation in atom fraction from 0.5, i.e., from the equiatomic composition. Thus, for a 46 at% alloy, S max = 1 -2 × 0.04 = 0.92.
The lattice parameters and the order parameters of the films studied here are listed in Table I, 
RESULTS AND DISCUSSION
The evolution of the relative intensity of the superlattice and fundamental peaks as a function of FePt stoichiometry is shown in Fig. 1 . The order parameter of the films is plotted as a function of film composition in Fig.   2 . Table I The saturation magnetization values, M S , of the films in Table II studied here can be compared with that reported for bulk FePt at 1140 emu/cm 3 .
[15] The computed magnetocrystalline anisotropy constants K 1 are also listed in Table II and are found to be somewhat smaller than those reported by other researchers for similar films.
[3,5,10] The anisotropy constant was not determined for the 55.3 at% Fe film because of a significant coercivity measured in the film plane, indicative of the presence of in-plane c-axis variants, as seen in the XRD studies (Table   I ). There appears to be no simple correlation between the measured FePt order parameter and the measured anisotropy constant. The order parameter has a maximum for the film composition (51 at%) closest to equiatomic, whereas the anisotropy shows a monotonic increase as the Fe content is increased from below (46 at%) to slightly above (52 at%) the equiatomic composition. 
CONCLUSIONS
It is demonstrated that the order parameter in FePt(001) epitaxial films of varied Fe content has a maximum near the equiatomic composition, as is expected for the L1 0 structure. Magnetization studies reveal the presence of nucleation barriers for the reversal of the films in the perpendicular direction. The anisotropy of the films is quantified by determination of the intrinsic anisotropy constant K 1 . Whereas the measured order parameter has a maximum at the composition closest to equiatomic, the magnetocrystalline anisotropy increases as the Fe content is increased from below to slightly above the equiatomic composition. It is believed that a slight excess of Fe increases the magnetization and perhaps also the polarization of the Pt, thereby increasing the intrinsic anisotropy constant of the L1 0 phase without appreciably degrading the long-range chemical order. Taken together, the results of our study imply that non-equiatomic compositions of FePt alloy films may in fact be preferred for applications that require high magnetic anisotropy.
